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(54) CASCADE CONNECTING DOUBLE MODE SAW FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain excellent attenuation in a 
preventing area on a high frequency side in the neighborhood of a 
pass band by arranging IDT electrodes and grating reflectors along 
the propagating direction of a surface wave on a piezoelectric 
substrate and differentiating the exciting frequency of the IDT 
electrode on an inputting side and that of the IDT electrode on an 
outputting side. 

SOLUTION: Three IDT electrodes 2 to 4 are closely arranged along 
the propagating direction of the surface wave on the main surface of 
the piezoelectric substrate 1 and the grating reflectors 5a and 5b are 
arranged on both sides of these. The electrodes 2 to 4 are formed of a 
pair of interdigital electrodes with plural electrode fingers respectively 
inserting each other, one interdigital electrode of the electrode 2 is 
connected with an input terminal IN and the other interdigital electrode 

is grounded. On the other hand, respectively one interdigital electrodes of the electrodes 3, 4 are connected 
with each other and connected to an output terminal OUT and the other interdigital electrodes are 
connected with each other and grounded in this structure. Then, the exciting frequency of the IDT electrode 
on the inputting side and that of the IDT electrode on the outputting side are made different from each 
other. 
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(54) CASCADE CONNECTING DOUBLE MODE SAW FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain excellent attenuation in a preventing area 
on a high frequency side in the neighborhood of a pass band by arranging IDT 
electrodes and grating reflectors along the propagating direction of a surface 
wave on a piezoelectric substrate and differentiating the exciting frequency of the 
IDT electrode on an inputting side and that of the IDT electrode on an outputting 
side. 

SOLUTION: Three IDT electrodes 2 to 4 are closely arranged along the 
propagating direction of the surface wave on the main surface of the piezoelectric 
substrate 1 and the grating reflectors 5a and 5b are arranged on both sides of 
these. The electrodes 2 to 4 are formed of a pair of interdigital electrodes with 
plural electrode fingers respectively inserting each other, one interdigital 
electrode of the electrode 2 is connected with an input terminal IN and the other 
interdigital electrode is grounded. On the other hand, respectively one interdigital 



electrodes of the electrodes 3, 4 are connected with each other and connected to 
an output terminal OUT and the other interdigital electrodes are connected with 
each other and grounded in this structure. Then, the exciting frequency of the 
IDT electrode on the inputting side and that of the IDT electrode on the outputting 
side are made different from each other. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The vertical joint dual mode SAW filter characterized by changing the 
exciting frequency of an input-side IDT electrode, and the exciting frequency of 
an output side IDT electrode in the vertical joint dual mode SAW filter which 
arranges and constituted the grating reflector along the propagation direction of a 
surface wave at the both sides of two or more IDT electrodes and this IDT 
electrode on the piezo-electric substrate. 

[Claim 2] The vertical joint dual mode SAW filter according to claim 1 
characterized by changing electrode finger line pulse duty factor etal' of an input- 
side IDT electrode, and line pulse duty factor eta2' of an output side IDT 
electrode. 

[Claim 3] the electrode finger of an input-side IDT electrode - a logarithm - N1 
and a line pulse duty factor - etal' - carrying out - the electrode finger of an 
output side IDT electrode - the ratio of etal' and eta2' in the case of N1>N2, 

■ 

when a logarithm is made to N2 and a line pulse duty factor is made into eta2 f In 
the case of 0.2<eta27etaV <1-NKN2 Claim 1 characterized by being referred to 
as 0.2<eta17eta2'<1 , or vertical joint dual mode SAW filter given in two. 
[Claim 4] The vertical joint dual mode SAW filter according to claim 1 
characterized by changing the electrode period lambda 1 of an input-side IDT 
electrode, and the electrode period lambda 2 of an output side IDT electrode. 
[Claim 5] the electrode finger of an input-side IDT electrode - a logarithm - N1 
and an electrode period - lambda 1 - carrying out - the electrode finger of an 
output side IDT electrode - the ratio of lambdal and Iambda2 in the case of 



N1>N2, when a logarithm is set to N2 and an electrode period is set to lambda 2 
In the case of 0.960<lambda2/lambda 1< 1.000-NKN2 Claim 1 characterized by 
being referred to as 0.960<lambda1/lambda2<1.000, or vertical joint dual mode 
SAW filter given in four. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the vertical joint dual 
mode SAW filter which has improved the inhibition zone magnitude of attenuation 
by the side of the high region near the passband about a vertical joint dual mode 
SAW filter. 
[0002] 

[Description of the Prior Art] In recent years, especially many SAW devices to a 
cellular phone etc. are used from having the description which was used widely 
and was [ nature / high performance, small, / mass production ] excellent in the 
communication link field. Drawing 7 is the typical top view of the electrode pattern 
in which the configuration of the conventional primary 3rd [ -] length joint dual 



mode SAW filter (a dual mode SAW filter is called hereafter) is shown, and it 
arranges Reflectors 15a and 15b in these both sides while it carries out contiguity 
arrangement of the three IDT electrodes 12, 13, and 14 along the propagation 
direction of a surface wave on the principal plane of the piezo-electric substrate 
11. The IDT electrodes 12, 13, and 14 are constituted by the tandem type 
electrode of the couple which has two or more electrode fingers put mutually in 
between, respectively, they are the IDT electrodes 12, while go away, connect a 
form electrode to an input terminal IN, and ground the tandem type electrode of 
another side. On the other hand, it is the IDT electrodes 13 and 14, while by 
going away, the tandem type electrode of another side is connected mutually, 
and a form electrode grounds it while connecting mutually and connecting with 
an output terminal OUT. 

[0003] The actuation of a dual mode SAW filter shown in drawing 7 Two or more 
surface waves excited with the IDT electrodes 12, 13, and 14 as everyone knows 
Reflector 15a, Since it is shut up between 15b, an acoustic turnover is carried out 
among the IDT electrodes 12, 13, and 14 and two vertical resonance modes, the 
primary order [ 3rd ], are excited by stress as a result, it operates as a dual mode 
SAW filter using these two modes by giving suitable termination. In addition, the 
pass band width of this dual mode SAW filter of being decided by the delta 
frequency of primary resonance mode and the 3rd resonance mode is well 
known. 

[0004] Drawing 8 shows the filtering property of the dual mode SAW filter of the 
two-step cascade connection shown in drawing 7 . a piezo-electric substrate - 
the 36 degreeY cut X propagation LiTa03 - using - the electrode of the input 
IDT electrode 12 - 20.5 pairs of logarithms N1 the electrode of output electrodes 
13 and 14 - a logarithm N2 - respectively - 1 1 .5 pairs and grating 15a -- 250 
and electrode layer thickness of an aluminum alloy are set to 6%lambda 
(wavelength of the surface wave by which lambda is excited) for the number of 
15b, respectively. The pitch of said electrode can be set up so that the center 
frequency of a filter may be set to 900MHz, and 4% of fractional bandwidths and 



a broadband band pass filter can be obtained. 
[0005] 

[Problem(s) to be Solved by the Invention] However, center frequency with a 
pass band width of 1dB is set to fO so that clearly from the filtering property of 
drawing 8 . The magnitude of attenuation of frequency-domain f0**(45**12.5) 
MHz of a dual mode SAW filter As opposed to about 40dB being obtained in fO- 
(45**1 2.5) MHz by the side of low frequency In the frequency domain A of 
f0+(45**12.5) MHz by the side of a RF, only about 20dB was obtained but there 
was a problem that the specification (25dB or more) required of the latest digital 
cellular phone could not be satisfied. It is made in order that this invention may 
solve the above-mentioned problem, and while being a broadband, it aims at 
offering the dual mode SAW filter which has improved the inhibition zone 
magnitude of attenuation by the side of the RF near [ above-mentioned ] the 
passband. 
[0006] 

[Means for Solving the Problem] Invention of the vertical joint dual mode SAW 
applied to this invention in order to attain the above-mentioned object according 
to claim 1 is a vertical joint dual mode SAW filter characterized by changing the 
exciting frequency of an input-side IDT electrode, and the exciting frequency of 
an output side IDT electrode in the vertical joint dual mode SAW filter which 
arranges and constituted the grating reflector along the propagation direction of a 
surface wave at the both sides of two or more IDT electrodes and this IDT 
electrode on the piezo-electric substrate. Invention according to claim 2 is a 
vertical joint dual mode SAW filter according to claim 1 characterized by 
changing electrode finger line pulse duty factor etal' of an input-side IDT 
electrode, and line pulse duty factor etaZ of an output side IDT electrode, 
invention according to claim 3 - the electrode finger of an input-side IDT 
electrode - a logarithm -- N1 and a line pulse duty factor - etal' - carrying out - 
the electrode finger of an output side IDT electrode -- the ratio of etal' and eta2' 
in the case of N1>N2, when a logarithm is made to N2 and a line pulse duty 



factor is made into eta2' In the case of 0.2<eta27etaV <1-N1<N2 They are claim 
1 characterized by being referred to as 0.2<eta1 7eta2 , <1 , or a vertical joint dual 
mode SAW filter given in two. Invention according to claim 4 is a vertical joint 
dual mode SAW filter according to claim 1 characterized by changing the 
electrode period lambda 1 of an input-side IDT electrode, and the electrode 
period lambda 2 of an output side IDT electrode, invention according to claim 5 - 
the electrode finger of an input-side IDT electrode - a logarithm - N1 and an 
electrode period - lambda 1 - carrying out - the electrode finger of an output 
side IDT electrode - the ratio of lambdal and Iambda2 in the case of N1>N2, 
when a logarithm is set to N2 and an electrode period is set to lambda 2 In the 
case of 0.960<lambda2/lambda 1< 1.000-N1<N2 They are claim 1 characterized 
by being referred to as 0.960<lambda1/lambda2<1.000, or a vertical joint dual 
mode SAW filter given in four. 
[0007] 

[Embodiment of the Invention] This invention is explained to a detail based on the 
gestalt of operation shown in the drawing below, the top view showing the 
configuration of the dual mode SAW filter which drawing 1 requires for this 
invention - it is - the principal plane top of the piezo-electric substrate 1 the 
propagation direction of a surface wave - meeting - three IDT electrodes 2 and 
3 - while carrying out 4 contiguity arrangement, the grating reflectors 5a and 5b 
are arranged in these both sides. The IDT electrodes 2, 3, and 4 are constituted 
by the tandem type electrode of the couple which has two or more electrode 
fingers put mutually in between, respectively, they are the IDT electrodes 2, while 
go away, connect a form electrode to an input terminal IN, and ground the 
tandem type electrode of another side. While being the IDT electrodes 3 and 4, 
while going away, connecting the form electrode of each other on the other hand 
and connecting with an output terminal OUT, the tandem type electrode of 
another side is made into the structure which connects mutually and is grounded. 
[0008] The description of this invention is to set up more broadly than the 
electrode digit eta 2 of the IDT electrodes 3 and 4 the electrode digit eta 1 of the 



IDT electrode 2 while making almost the same the electrode period of the IDT 
electrodes 2, 3, and 4. drawing 1 - the electrode of the IDT electrode 2 - a 
logarithm N1 the electrode of the IDT electrodes 3 and 4 - it is the set-up 
example. 

[0009] the electrode of a normal mold IDT electrode - if N and its electrode 
period are set to lambda and an scaling frequency is set to omega (here 
omega0=2pi V/lambda = = (omega-omega 0) / omega 0, 2 pi fO and V rate of a 
surface wave) for a logarithm - the frequency characteristics of an IDT electrode 
- sin (Npiomega)/sin (piomega) 

it comes out and expresses - having - an attenuation pole - every 1-/N - 
appearing - the bandwidth - a logarithm - it is known that it is in inverse 
proportion to N. The frequency characteristics of this IDT electrode repeated 
periodically are hereafter called transversal property. The transversal property of 
the I/O IDT electrodes 2-4 appears, and, as for the frequency characteristics 
outside the passband of a dual mode SAW filter, the periodic attenuation pole by 
the transversal property appears in an inhibition zone. Among these, if it can be 
made in agreement with the frequency domain A of f0+(45**12.5) MHz which 
shows the attenuation pole by the side of the RF of a main lobe to drawing 8 , it 
will be imagined as that by which the improvement of the magnitude of 
attenuation of this frequency domain is aimed at. 

[0010] the conventional dual mode SAW filter shows to drawing 7 - as - the 
electrode finger of the input IDT electrode 12 - a logarithm N1 - the electrode 
finger of the output IDT electrodes 13 and 14 - while setting up more mostly than 
a logarithm N2, it is common to set up the exciting frequency of the I/O IDT 
electrodes 12, 13, and 14 as it is almost the same. Therefore, the main lobe M1 
of the input IDT electrode 12 by the transversal property and the main lobe M2 of 
the output IDT electrodes 13 and 14 become almost the same [ the center 
frequency of each bandwidth ], as shown in drawing 2 (a), however, the electrode 
of the IDT electrode 12 and the IDT electrodes 13 and 14 - by setting a 
logarithm to N1>N2, the bandwidth of each main lobe differs, as shown in 



drawing 2 (a). That is, compared with the bandwidth of a main lobe M2, the 
bandwidth of a main lobe M1 serves as ******. Here, P1 and P2 shall point out 
the attenuation pole by the side of the RF of main lobes M1 and M2, respectively. 
Since the passband of a dual mode SAW filter is located in the main lobe M1 of 
the I/O IDT electrodes 12-14, and M2, the attenuation poles P1 and P2 of a main 
lobe will appear in the outside of a frequency domain A. Then, various means for 
controlling the location of the attenuation poles P1 and P2 of a main lobe, and 
making it in agreement with the frequency domain A which should be improved 
were examined. 

[001 1] Consequently, the above-mentioned frequency domain A found that it was 
impossible to arrange the attenuation poles P1 and P2 of a main lobe only by 
changing the exciting frequency of an I/O IDT electrode simply, although this 
reason is located in the main lobe of the transversal property that the I/O IDT 
electrodes 12-14 present the passband of a dual mode SAW filter - the electrode 
of the input IDT electrode 12 - a logarithm N1 - each electrode of the output IDT 
electrodes 13 and 14 - since it has set up more mostly than a logarithm N2, it 
will be formed inside the bandwidth of the main lobe M1 with the narrow 
bandwidth formed with the input IDT electrode 12. 
[0012] The attenuation poles P1 and P2 of a main lobe cannot be made in 
agreement with a frequency domain A with a means to arrange the main lobe M1 
with narrow bandwidth from the main lobe M2 with wide bandwidth to a high 
frequency side by the above reason as shown in drawing 2 (b). Then, it found out 
that it was possible to make it in agreement with the frequency domain A where a 
dual mode SAW filter should improve the attenuation pole P1 which appears in 
the RF side of a main lobe M1 by arranging the main lobe M1 with narrow 
bandwidth from the main lobe M2 with wide bandwidth to a low frequency side, 
as shown in drawing 2 (c). 

[0013] First, the case where the exciting frequency of an IDT electrode is 
changed by changing an electrode pitch is examined. Drawing 3 is the dual mode 
SAW filter which changed each exciting frequency by seting constant the line 



pulse duty factor of the IDT electrodes 6, 7, and 8, and changing mutually the 
IDT electrode 6, the IDT electrodes 7 and 8, and an electrode finger pitch. Two- 
step cascade connection of the dual mode SAW filter of drawing 3 is carried out, 
and the result of having asked for the magnitude of attenuation and electrode 
period ratio (Iambda2/lambda1 ) relation to a frequency domain A by simulation is 
shown in drawing 4 . the range of an electrode period ratio (Iambda2/lambda1) 
which the magnitude of attenuation in a frequency domain A can improve, 
maintaining a passband in the good condition so that clearly from drawing 4 - 
the electrode finger of an input electrode - a logarithm N1 - the electrode finger 
of an output electrode -- case [ than a logarithm N2 ] more » 0.96 - < - it turned 
out that it is Iambda2/lambda1<1 .000. 

[0014] Based on the above-mentioned result, the 36 degreeY cut X propagation 
LiTa03 is used for a piezo-electric substrate, the electrode finger of the input IDT 
electrode 6 - a logarithm N1 - the electrode finger of 22.5 pairs and the output 
IDT electrodes 7 and 8 - 12.5 pairs of logarithms N2, respectively 250 and the 
electrode layer thickness of an aluminum alloy for the number of the grating 
reflectors 9a and 9b 6%lambda, When the dual mode SAW filter which set as 
0.980 the ratios Iambda2/lambda1 of the electrode period lambda 2 of the output 
IDT electrodes 7 and 8 which receive input IDT electrode period lambdal was 
constituted, it turned out that the magnitude of attenuation can improve about 
8dB of the filtering property in the frequency domain of f0+(45**12.5) MHz. 
However, the differences of the above-mentioned electrode period are very few 
actually, and the effectiveness may fully be unable to be enjoyed according to the 
manufacture error by the present photolithography technique. 
[0015] Then, we decided to examine a means to change an exciting frequency 
for IDT the same electrode period. There are an approach of changing the 
electrode layer thickness of an IDT electrode to the 1st, and a method of 
changing the line pulse duty factor (line width-of-face/(line width-of-face + tooth- 
space width of face)) of an IDT electrode finger to the 2nd. Although it is 
necessary to control to accuracy the IDT electrodes 2 and 3 which adjoin across 



1-2-micrometer space on the same piezo-electric substrate, and the thickness of 
4 by the former, with a current technique, manufacture variation is not so 
practical greatly as well as a production process becoming complicated. Then, 
how to change mutually the line width of face eta 1 of the IDT electrode 2 and the 
line width of face eta 2 of the IDT electrodes 3 and 4 as shown in drawing 1 was 
examined as a means to change an exciting frequency, without changing the 
electrode period of an I/O IDT electrode. Since it is the same electrode period, 
the ratio of the line width of face etal and eta2 is equal to the ratio of each line 
pulse duty factor etal' and eta2\ 

[0016] IDT - an electrode ~ two - three - four ~ an electrode -- a period « the 
same -- carrying out -- an input - IDT - an electrode ~ two -- a line -- a pulse 
duty factor - eta - one - ' - an output IDT -- an electrode ~ three -- four ~ a 
line -- a pulse duty factor -- eta two - ' - mutual - differing - making ~ things - 

- each - an exciting frequency changing -- the dual mode - an SAW filter - 
having constituted - an example — drawing 1 - it is . Drawing 5 is the result of 
asking for the relation between the magnitude of attenuation and a line pulse 
duty factor ratio (eta27eta1') by simulation in the frequency domain A of the filter 
which carried out two-step cascade connection of the dual mode SAW filter 
shown in drawing 1 (f0+(45**12.5) MHz), the ratio of the line pulse duty factor 
which the magnitude of attenuation can improve in the frequency domain A in 
drawing 8 while this had maintained the passband in the good condition - 
eta27eta1' - the electrode finger of an input electrode a logarithm N1 - the 
electrode finger of an output electrode - case [ than a logarithm N2 ] more - 0.2 

- < - eta 2 - VetaV - it is shown that it should set up with <1. 

[0017] Drawing 6 is drawing showing the filtering property of the filter constituted 
based on the above-mentioned examination result, a piezo-electric substrate - 
the 36 degreeY cut X propagation LiTa03 - using - the electrode finger of the 
input IDT electrode 2 — 20.5 pairs of logarithms N1 the electrode finger of the 
output IDT electrodes 3 and 4 - a logarithm N2 - respectively - 1 1 .5 pairs and 
grating reflector 5a - five b - a number 250 - a ** ~ an aluminum alloy - an 



electrode layer thickness - six - % - lambda ~ an input IDT - an electrode - 
- a line -- a pulse duty factor - eta one -- ' -- receiving -- an output -- IDT - an 
electrode - a line - a pulse duty factor - eta - two ~ 1 a ratio - eta ~ two - ' - 
/- eta - one - ' - 0.43 - having set up - ** - the property of a case - it is . In 
addition, the electrode finger pitch was set up so that a center of filter frequency 
might be set to 900MHz. 

[001 8] It turns out that about 1 0dB improves compared with the magnitude of 
attenuation of the conventional dual mode SAW filter which the magnitude of 
attenuation by the side of the RF near the passband (frequency domain A) 
indicated to drawing 8 was clear from drawing 6 . The demand of RF filter for 
cellular phones which needs to make the magnitude of attenuation near the 
passband steeper than this improvement can fully be filled now. 
[0019] explanation of drawing 1 - the electrode finger of the input IDT electrode 
2 - a logarithm N1 - the electrode finger of the output IDT electrodes 3 and 4, 
although the example in the case of [ than a logarithm N2 ] more was taken up 
conversely, the electrode finger of the input IDT electrode 2 -- a logarithm N1 - 
the electrode finger of the output IDT electrodes 3 and 4 - the case where will 
change a line pulse duty factor and the magnitude of attenuation in a frequency 
domain A will be improved if the case of being fewer than a logarithm N2 is 
examined - a line pulse duty factor ratio 0.2 - < - eta17eta2' -- <1 , then a 
good thing have been checked. 

[0020] moreover - the example of drawing 5 -- the electrode finger of the input 
IDT electrode 6 - a logarithm N1 - the electrode finger of the output IDT 
electrodes 7 and 8, although the case more than a logarithm N2 was explained 
conversely, the electrode finger of the input IDT electrode 6 a logarithm N1 -- 
the electrode finger of the output IDT electrodes 7 and 8 - if the case of being 
fewer than a logarithm N2 is examined, for changing an electrode period and 
improving the magnitude of attenuation of a frequency domain A - an electrode 
period ratio - 0.96 - < - Iambda1/lambda2<1.000, then a good thing were 
checked. 



[0021] In addition, although the above explanation explained to the primary 3rd [ - 
] length joint dual mode SAW filter which used three IDT electrodes, it is not 
necessary to say that it can apply if this invention is a dual mode SAW filter 
which is not limited only to this and has two or more IDT electrodes. 
[0022] Furthermore, although explanation of this invention showed above the 
example which used the 36 degreeY cut X propagation LiTa03 to the piezo- 
electric substrate, this invention is not limited only to this and can be applied to 
the vertical joint dual mode SAW filter using any piezo-electric substrates. For 
example, it is not necessary to say that it is applicable also to the piezoelectric 
material of 45-degreeX cut Z propagation Li2B 407, ST cut Xtal, the 42 degreeY 
cut X propagation LiTa03, or 64 degreeY cut X propagation LiNb03 grade. 
[0023] 

[Effect of the Invention] Since this invention was constituted as explained above, 
in a vertical joint dual mode SAW filter, about 10dB of magnitude of attenuation 
by the side of the RF near the passband can be improved now, and the 
effectiveness which was excellent when improving the engine performance, if the 
dual mode SAW filter of this invention is used for RF filters, such as a cellular 
phone, is expressed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the electrode configuration of the primary 
3rd [ -] length joint dual mode SAW filter concerning this invention. 
[Drawing 2] (a), (b), and (c) are drawings explaining the frequency of a main lobe 
and the relation of a filter shape which an I/O IDT electrode presents. 
[Drawing 3] It is the example of the primary 3rd [ -] length joint dual mode SAW 
filter concerning this invention, and is the top view of the filter which changed and 
constituted the electrode period. 

[Drawing 4] It is drawing showing the relation between the pitch ratio of an IDT 
electrode, and the magnitude of attenuation by the side of the RF near the 
passband. 

[Drawing 5] It is drawing showing the relation between line pulse duty factor ratio 
Iambda27lambda1 , and the magnitude of attenuation near the pass band of a 
dual mode SAW filter. 

[Drawing 6] It is the filtering property which asked for the dual mode SAW filter 
concerning this invention by simulation. 

[Drawing 7] It is the top view showing the electrode configuration of the 

conventional primary 3rd [ -] length joint dual mode SAW filter. 

[Drawing 8] It is drawing showing the filter shape of the conventional primary 3rd 

[ -] length joint dual mode SAW filter. 

[Description of Notations] 

1 .. Piezo-electric substrate 

3, 4, 6, 7, 8 .. IDT electrode 

5a, 5b, 9a, 9b Grating reflector 

lambdal, Iambda2 .. IDT electrode period 

etal, eta2 .. Line width of face 

eta1\ etaZ .. Line pulse duty factor 



M1, M2 .. Main lobe 

P1 , P2 .. Attenuation by the side of the RF of a main lobe 
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DRAWINGS 



[Drawing 1] 
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